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1. Introduction 


On behalf of Chevron Environmental Management Company, Alcatel-Lucent USA Inc., 


and Novartis Pharmaceuticals Corporation (collectively, the Group), ARCADIS prepared 


this Technical Memorandum on Candidate Technologies (TMCT) for the Rolling Knolls 


Landfill Superfund Site, located in Chatham Township, New Jersey (the site; Figure 1). 


This TMCT was prepared in accordance with the following documents: 


 Section XI, of the Administrative Settlement Agreement and Order on Consent (the 


Agreement) (index No. II-CERCLA-02-2005-2034) between  the United States 


Environmental Protection Agency (USEPA) and the Group;  


 Statement of Work attached to the Agreement;  


 Interim Final Guidance for Conducting Remedial Investigations and Feasibility 


Studies under CERCLA (USEPA 1988); and 


 Other guidance documents referenced herein. 


1.1 Scope 


The TMCT is the first step in the Feasibility Study (FS) process for the site. The TMCT 


identifies and screens candidate remedial technologies appropriate for site media (e.g., 


soil and groundwater). Information and understanding of site conditions (physical and 


chemical) gathered during the Remedial Investigation (RI) activities and summarized in 


the Site Characterization Summary Report (SCSR, ARCADIS 2012) provide the basis 


for the technology screening in the TMCT. The TMCT evaluates a suite of general 


response actions and associated remedial technologies to identify the technology 


types and process options potentially applicable for use at a site. 


Following the TMCT, the findings of the human health and ecological risk assessment 


processes will be used to further refine the list of candidate technologies and assemble 


appropriate technologies into remedial alternatives. These next steps culminate in the 


preparation of a Technical Memorandum on Development and Screening of Remedial 


Alternatives (DSRA). Following the DSRA, a more detailed evaluation and comparative 


analysis of remedial alternatives and selection of the most appropriate remedy (or 


remedies) to address risk identified on the landfill complete the FS process. Ultimately, 


the findings of this entire process will be presented in an FS Report. 
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1.2 Objectives 


The TMCT objectives include: 


 Identify General Response Actions (GRAs) necessary to meet site remedial goals; 


 Identify candidate remedial technologies and process options; and, 


 Screen candidate remedial technologies and process options based on their 


relative effectiveness, implementability and cost.  


The TMCT serves as a conservative screen of candidate technologies and will focus 


the evaluation of remaining technologies to be completed following the approval of the 


risk assessment documents. Since the environmental conditions at the site are still 


being assessed, other remedial technologies that are not included in this TMCT may 


be proposed when the evaluation is completed. The Group may propose additional 


technologies later in the FS process. 


1.3 Organization 


The remaining sections of this TMCT: 


 Describe the physical location and regulatory history of the site;  


 Summarize the results of site characterization field activities conducted in 


accordance with the RI/FS Work Plan (ARCADIS BBL 2007) and RI/FS Work Plan 


Addendum (ARCADIS 2009);  


 Outline the development of human health and ecological exposure settings to be 


addressed by candidate remedial technologies; and,  


 Identify the GRAs and provide a screening evaluation of candidate remedial 


technology types and associated process options. 


Tables and figures support the text and are referenced accordingly. References used 


to prepare this TMCT are provided in Section 6. 
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2. Site Background and Investigation Summary 


This section provides a brief description of the site and summarizes historical 


operations and environmental investigations at the site. Results of investigations 


conducted prior to the RI were incorporated into the Preliminary Conceptual Site Model 


(PCSM) (Blasland, Bouck & Lee, Inc. [BBL, now ARCADIS], 2006). The Conceptual 


Site Model (CSM) was revised during RI site characterization activities and 


summarized in the SCSR (ARCADIS 2012). 


2.1 Site Background 


2.1.1 Site Description 


The Rolling Knolls site consists of approximately 200 acres of property located at the 


southern end of Britten Road, south of Green Village in Chatham Township, Morris 


County, New Jersey, which includes an unlined former municipal waste landfill 


(Figure 1). Observations made during RI activities show that the waste material that 


constitutes the landfill includes 141 acres where waste has been filled and 29 acres 


where a thin layer of waste and debris has been observed on but not below the ground 


surface (i.e., the surface debris area) along the western portion of the site. Figure 2 


presents a Site Plan, which depicts the landfill boundary, as understood prior to RI 


activities, as well as the refined boundaries of the landfill and surface debris area, 


based on observations made during the RI, including test pit activities. 


As shown on Figure 2, the central and western portions of the landfill are owned by 


Robert J. Miele as Trustee for the Trust created by the Last Will and Testament of 


Angelo J. Miele. Eastern and southern portions of the landfill are located within the 


Great Swamp National Wildlife Refuge (GSNWR) and owned by the United States 


Fish & Wildlife Service (USFWS). A northeastern portion of the landfill occurs on a 


parcel owned by the Green Village Fire Department, which also includes a baseball 


field and shooting range. Although the baseball field and shooting range are located 


within the landfill boundary that was approximated prior to RI activities, test pit activities 


indicated that no landfilled materials are present in these areas (Figure 2). 


Physical access to the majority of the landfill is limited by a chained gate on Britten 


Road; wet areas and brooks along the eastern, western, and southern boundaries; and 


the exclusion of visitors to the Wilderness Area section of the GSNWR located on a 


portion of the landfill and to the east and south. Black Brook is located east and south 


of the landfill and generally flows southward and westward in these respective areas. 
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Loantaka Brook is located west of the landfill and flows southward. Residential properties are 


located north of the landfill and west of Loantaka Brook. The surrounding area is 


sparsely populated, consisting of individual residential properties on large parcels and 


undeveloped open spaces. 


2.1.2 Site History 


The Rolling Knolls Landfill reportedly operated from the 1930s until 1968. During this 


period, materials disposed of at the landfill consisted primarily of municipal solid waste, 


but may have also included other waste such as industrial wastes (Foster Wheeler 


Environmental Corporation [Foster Wheeler] 2000). Chatham Township Board of 


Health (CTBH) inspection records indicate that municipal solid waste brought to the 


landfill included tree stumps, scrap metal, tires, normal household refuse, residential 


septage wastes, and construction and demolition debris from home construction or 


renovation. Reported sources of this waste include the surrounding municipalities of 


Summit, South Orange, Maplewood, Chatham Township, Chatham Borough, Millburn, 


Madison, Harding Township, and Florham Park. Private haulers and homeowners also 


brought household waste to the landfill. The landfill has been inactive since 1968. 


CTBH regulation between 1955 and 1975 required the Rolling Knolls Landfill to 


perform rodent/mosquito control, stagnant surface-water drainage, weekly inspections 


and application of minimal daily cover (Foster Wheeler 2000). The latter involved 


applying a layer of “swamp muck,” taken from the edge of the landfill, over the daily 


rubbish fill. Additional landfill procedures documented by the CTBH in 1962 included 


weed control (herbicides), dead animal disposal, dust control measures (oil application 


on landfill roadways) and chemical spraying for rodent control (Foster Wheeler 2000). 


Prior to the construction of municipal sewer systems and sewage treatment plants, 


septage waste was allowed to flow over the working surface and percolate into the 


landfill. In the early- and mid-1960s, septage haulers were required to register with the 


Chatham Township police department to prevent out-of-town haulers from using the 


landfill for disposal (Foster Wheeler 2000).  


As stated in a USEPA January 26, 2006 comment letter regarding the PCSM 


(Blasland, Bouck & Lee, Inc. [BBL] 2006), the USFWS purchased 310 acres of land 


eligible to be used for landfilling activities in 1964. These acres became part of the 


GSNWR. Approximately 40 of the 310 acres purchased by the USFWS were already 


filled with landfill material when purchased in 1964 (Foster Wheeler 2000). Evidence 


suggests that landfilling continued on the GSNWR property after the purchase 


(ARCADIS 2012).  
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In 1974, an area between 200 and 400 feet wide and approximately 1,200 feet long 


was affected by a fire. Fire trucks and other support vehicles were unable to access the 


fire line and the fire was finally extinguished with the use of bulldozers. The physical 


composition of the landfill material limited access to the fire zone as vehicles driven off 


the regular access roads sank into the landfill. After this fire, between 1979 and 1982, 


fire roads were constructed of imported material, including construction and demolition 


debris, at an elevation approximately 4 feet above the surrounding landfill surface 


(Foster Wheeler 2000). 


2.1.3 Geology and Hydrogeology 


2.1.3.1 Geology 


The overburden geology within and adjacent to the landfill observed during RI activities, 


soil boring advancement and monitoring well installation activities is consistent with 


the overburden geology mapped by the New Jersey Geological Survey. Thin layers of 


silt, sand, and organic material overlie a significant clay unit.  


Observations made during the RI confirm that the clay layer is present beneath the 


entire landfill, has a thickness of at least 25 feet and is present to a depth of at least 


50 feet below ground surface (bgs). The clay is grey in color with some brown or 


reddish brown intervals, plastic, with only a small proportion of silt or fine sand. The 


top of the clay layer was encountered between 5 and 25 feet bgs. 


2.1.3.2 Hydrogeology 


The hydrostratigraphy underlying the landfill consists of a shallow water table saturated 


zone, comprising silt and sand deposits underlain by a layer of glaciolacustrine clay 


that serves as a confining unit to the geologic formations below. Ten new monitoring 


wells were installed to characterize the hydrogeologic conditions in this shallow 


water-bearing zone as part of the RI (ARCADIS 2012). Monitoring well screens cross 


silt, sand, and clay deposits. In some cases, the screen crosses landfilled materials.   


The depth and extent of saturation of waste material varied widely across the landfill, 


based on observations during test pit excavation, soil boring advancement and 


monitoring well installation activities. In most of the soil borings and monitoring wells, 


the waste material was dry and the native material beneath the waste was saturated. 


Test pit excavation logs indicated that the depth to saturation ranged from the ground 


surface to beneath the waste material (if present) and in some instances saturation 
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was not observed for the entire test pit depth. In areas where the waste material was 


observed to be saturated at the surface, saturation was likely from precipitation and/or 


overland flow.  


Water likely flows vertically through the waste materials with some small horizontal 


component, and upon reaching the saturated material below, flows laterally with the 


natural groundwater flow patterns. Groundwater flow is expected to occur laterally 


through the sand and/or silty sand units. The groundwater flow in the shallow 


water-bearing zone above the clay is expected to be horizontal until reaching areas 


of discharge. Groundwater flows radially from the northern portion of the landfill to 


the south, east, and west areas of lower topographic elevation as presented in 


Section 3.4.4.2 of the SCSR. 


2.2 Regulatory History 


A Hazard Ranking System Documentation Package was issued by the USEPA 


Region II Site Assessment Team in April 2003. The site was proposed to the National 


Pollutant List on April 30, 2003 and listed on September 29, 2003. The Agreement was 


signed by the USEPA and the Group on September 30, 2005 (USEPA Index Number II-


CERCLA-02-2005-2034). The site USEPA ID number is NJD980505192. 


2.3 Investigative History 


The Group prepared a PCSM using existing background information, results of 


previous site investigations, published information on the site and surrounding area, 


and observations collected during site activities prior to 2006 (BBL 2006). Additional 


investigations were conducted between June 2006 and January 2010 as part of the RI, 


resulting in a revised CSM that is included in the SCSR (ARCADIS 2012). The revised 


CSM/SCSR described site setting and history, summarized historical investigation, 


remediation and removal actions; identified preliminary chemicals of potential concern 


(COPCs) and their distribution in environmental media; and presented a preliminary 


evaluation of potential source area, release mechanisms, exposure pathways and 


receptors.  


Site characterization included soil and groundwater investigation activities, as well as 


sampling of media (i.e., surface water, sediment) in on-site and nearby receptor areas 


illustrated on Figure 2. Site characterization results refined the conceptual model of 


the site’s physical setting (e.g., geology and hydrogeology, Section 2.1.3), and 


characterized the nature and extent of constituents in environmental media. Results of 
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RI investigation activities provide a comprehensive dataset suitable for characterization 


of human health and ecological risk at the site. Site characterization results from soil 


and groundwater samples collected on or immediately adjacent to the landfill provide 


the basis for the evaluation of GRAs, remedial technologies, and associated process 


options presented in Section 4.  


Analytical results from surface-water and sediment samples collected in ponds or 


streams upstream or downstream of the landfill are excluded from this evaluation. 


Surface water and sediment in the ponds and streams (Loantaka Brook and Black 


Brook) contained certain constituents that are found at the landfill; however, many of 


these constituents are found in surface water and sediment upstream of the landfill 


(Figures 3 and 4). Therefore, their presence in the streams is at least in part due to 


sources upgradient of the landfill. Constituent concentrations identified downstream of 


the landfill are generally consistent with concentrations identified upstream of the 


landfill, based on a semi-quantitative comparison. Further, the constituents generally 


are not found in the most downstream surface-water and sediment samples, 


confirming that the downstream extent of constituents related to the landfill, if any, has 


been defined (ARCADIS 2012). These results do not indicate a release from a site 


source area that merit evaluation of remedial technologies.  


If the results of the baseline human health or ecological risk assessments indicate that 


a remedial action may be necessary to address risks in sediment or surface water 


related to the landfill, candidate remedial technologies for sediment or surface water 


will be evaluated. If necessary, the evaluation of candidate technologies will be 


included in the next FS deliverable (i.e., DSRA). 


Table 1 summarizes constituent classes detected in environmental media (i.e., soil and 


groundwater). Details regarding the location and/or constituents associated with each 


constituent class highlighted in Table 1 are presented below and serve to focus the 


remedial technology screen. 


The SCSR identified the following: 


 The most commonly detected constituents in soil were polycyclic aromatic 


hydrocarbons (PAHs), phthalates, polychlorinated biphenyls (PCBs), pesticides, 


and inorganic constituents. Concentrations of some of these constituents exceed 


New Jersey (NJ) Residential and Non-Residential Soil Remediation Standards 


(SRS) (N.J.A.C. 7:26D, dated October 3, 2011). 
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o Surface soil samples collected across the entire landfill contained 


concentrations of PAHs, phthalates, PCBs, certain pesticides, and inorganic 


constituents that exceeded the NJ Non-Residential SRSs (Figures 5 and 6). 


Few volatile organic compounds (VOCs) were detected at concentrations 


greater than SRSs, and exceedances were limited to isolated locations.  


o Subsurface soil samples contained VOCs, semi-volatile organic compounds 


(SVOCs), pesticides, and/or inorganic constituents. Concentrations of some of 


these constituents exceed NJ Residential and/or Non-Residential SRSs, 


including certain PAHs, bis(2-ethylhexyl)phthalate, PCBs, pesticides, and 


inorganic constituents as illustrated on Figures 5 and 6. 


 Fewer exceedances of the NJ Residential and Non-Residential SRSs are noted in 


the areas of current human use on the landfill, in particular Landscape Area 2 and 


the Hunt Club.  


o Landscape Area 2 and the Hunt Club building occur within the surface debris 


area located in the western portion of the landfill. Results that exceeded the 


NJ Residential and Non-Residential SRSs from surface soil samples collected 


in these areas were limited to certain PAHs. 


o Landscape Area 1 is near the center of the landfill. Results that exceeded the 


NJ Residential and Non-Residential SRSs in samples collected in this area 


relative to the other areas of current human use identified potential impacts 


from the landfill and/or the ongoing activities at the landscaping area.  


 Groundwater sampling results indicate that few constituents were detected in 


groundwater at concentrations greater than NJ Groundwater Quality Criteria 


(GWQC) (Figure 7). In general, the organic constituents detected in samples 


collected from groundwater monitoring wells during both the December 2007 and 


February 2008 sampling events were limited to a subset of VOCs, SVOCs, and 


pesticides. Likewise, few inorganic constituents were identified at concentrations 


greater than NJ GWQC. Samples from monitoring wells MW-3, MW-7, and MW-10 


identified the most constituents at concentrations greater than NJ GWQC. 


Identified constituents (and their potential sources, extent) are described below. 


o Results above NJ GWQC at MW-7 were limited to iron and manganese in 


December 2008, and aluminum, iron, lead, manganese, thallium, and 


indeno(1,2,3-cd) pyrene in February 2008.  
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Groundwater within this region of New Jersey typically has higher 


concentrations of trace elements such as aluminum, arsenic, iron, and 


manganese due to their abundant presence in the parent rocks from which 


the surficial soils have originated (ARCADIS 2012). Their occurrence is 


widespread and does not suggest a point source or release near MW-7.  


The nearest soil sampling location to MW-7 is SS-66, located approximately 


50 feet downgradient of MW-7. The surface soil sample collected at SS-66 


exhibited exceedances of NJ Non-Residential SRSs for benzo(a)pyrene, 


arsenic, lead, and PCBs. The nearest upgradient soil sampling location to 


MW-7 is SS-58. The surface soil sample collected at SS-58 exhibited 


exceedances of NJ Non-Residential SRSs for aldrin, lead, and PCBs. Based 


on these results, the source of indeno(1,2,3-cd)pyrene to groundwater at 


MW-7 is localized in groundwater at this location.  


o Results above NJ GWQC at MW-10 were limited to one VOC 


(dichlorodifluoromethane), aluminum, arsenic, iron, and manganese. The 


presence of aluminum, arsenic, iron, and manganese is due to their abundant 


presence in the parent rocks from which the surficial soils have originated 


(ARCADIS 2012). Dichlorodifluoromethane is a component of freon and its 


presence in groundwater at monitoring well MW-10 may be related to old 


refrigerators, which are present on the ground nearby. The impacted area is 


considered localized.  


o Organic constituents detected at concentrations greater than NJ GWQC in well 


MW-3 included benzene (both sampling events), bis(2-chloroethyl)ether (both 


sampling events) and three beta-hexachlorocyclohexane pesticides 


(December 2007 sampling event). Inorganic constituents detected at 


concentrations greater than NJ GWQC in well MW-3 included aluminum, 


arsenic, manganese, and sodium during both sampling events.  


Test pit TP-09 was excavated immediately adjacent to well MW-3 and was 


identified as wet at the ground surface, which is consistent with the 


observations of water levels observed above the ground surface elevation at 


well MW-3. Rusted drums and an oil boom were observed in TP-09, and a 


sheen and photoionization detector readings above background were 


observed at the interval from 4 to 6 feet bgs. One sample of potential industrial 


waste collected from TP-09 contained benzene at 20 milligrams per kilogram. 
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The source of VOC impacts in groundwater at well MW-3 is likely the materials 


observed at TP-09.  


The presence of aluminum, arsenic, and manganese in MW-3 is due to their 


abundant presence in the parent rocks from which the surficial soils have 


originated (ARCADIS 2012). Results above NJ GWQC downgradient from 


well MW-3 (at monitoring well MW-4) were limited to aluminum, iron, and 


manganese. Only aluminum was detected at concentrations greater than the 


NJ GWQC during both sampling events at MW-4. This indicates that the extent 


of VOC in groundwater at MW-3 is localized.  


 While shallow groundwater that flows through the landfill has the potential to flow 


into low-lying areas and/or surface-water bodies, water quality results from the 


ponds and the downstream portions of the Loantaka Brook and Black Brook indicate 


that the concentrations of VOCs, SVOCs, and inorganic constituents are consistent 


with concentrations measured in surface-water samples collected upstream PCBs 


and pesticides were either not detected or were detected at concentrations lower 


than those observed in upstream portions of the surface-water bodies. This 


indicates that water from the landfill has not degraded the water quality in the 


surface-water bodies adjacent to or downgradient of the landfill.  
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3. Exposure Setting 


This section summarizes the status of ongoing human health and ecological risk 


assessments for the site. Once the human health and ecological risk assessments are 


complete, remedial alternatives will be identified, and remedial technologies will be 


evaluated for risk management. Future FS-related deliverables (i.e., DSRA) will build 


upon the findings of this TMCT using the information provided by the risk assessment 


processes. 


3.1 Human Health Exposure 


Consistent with the Statement of Work attached to the Agreement, three documents 


evaluating the potential for human health exposure have been completed for the site. 


The Memorandum on Exposure Scenarios and Assumptions (MESA, ARCADIS 2008) 


describes the proposed exposure scenarios and assumptions that will be used to 


evaluate potential human health risk. The MESA was submitted to the USEPA on 


September 28, 2007 and following subsequent correspondence between the USEPA, 


the Group, and ARCADIS was approved by the USEPA on July 31, 2008.  


The Pathway Analysis Report (PAR) builds on the information presented in the MESA 


(ARCADIS 2008), and identifies the exposure concentrations and toxicological data 


that will be used to evaluate potential risks and hazards to receptors at the site. 


Specifically, the PAR identifies COPCs for human health, estimates media-specific 


exposure point concentrations and selects toxicity values for evaluating potential risk. 


The PAR was submitted to the USEPA on February 15, 2012, and following 


subsequent correspondence between the USEPA, the Group, and ARCADIS was 


approved by the USEPA on October 23, 2013. 


The Baseline Human Health Risk assessment (BHHRA) combines the information in 


the MESA and PAR and characterizes potential risks to receptor populations at the 


site. Risk characterization results in the BHHRA will be used to inform the development 


and screening of remedial alternatives in the DSRA. The BHHRA was submitted to the 


USEPA on December 16, 2013, and following subsequent correspondence between 


the USEPA, the Group, and ARCADIS, the final document was submitted by CDM 


Federal Programs Corporation and was approved by the USEPA on June 23, 2014. 
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3.2 Ecological Exposure 


A Screening-Level Ecological Risk Assessment (SLERA) has been completed for the 


site. The SLERA identifies chemicals of potential ecological concern (COPECs) for 


ecological receptors present at the site and characterizes potential risk to ecological 


receptors that may be exposed to COPECs in environmental media. The SLERA 


was submitted to the USEPA on February 15, 2012, and following subsequent 


correspondence between the USEPA, the Group, and ARCADIS, was approved by 


the USEPA on April 10, 2013. The results of the SLERA indicated that further 


evaluation of potential risk is warranted. If a Baseline Ecological Risk Assessment 


(BERA) is prepared, the results of these documents will be used to inform the 


development and preliminary screening of remedial alternatives in the DSRA. 


3.3 Exposure Setting Summary 


Potential risk receptors (human and/or ecological) that may occur on site via exposure 


to COPCs or COPECs and via potentially complete exposure pathways identified in 


the BHHRA, SLERA, and BERA, respectively, will inform the detailed screening of 


candidate technologies and grouping of technologies into remedial alternatives 


necessary to address exposure risks at the site. Currently, complete exposure 


pathways and associated risks remain uncharacterized for ecological receptors and 


thus the evaluation of remedial technologies in this TMCT is preliminary. Future 


FS-related deliverables (i.e., DSRA) will build upon the findings of this TMCT using 


the information provided by the risk assessment processes. 
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4. Identification and Preliminary Screening of Remedial Technologies and 


Process Options 


This section describes the various technologies and process options that may apply to 


constituents in soil and groundwater at the site. Further, this section discusses the 


preliminary screening methodology for identifying which technologies are the most 


appropriate for the site. 


4.1 Feasibility Study Process Overview 


The identification of remedial technologies and process options for remediation at a 


site within an FS follows a structured process detailed in Section 4 of the USEPA’s 


Guidance for Conducting Remedial Investigations and Feasibility Studies under 


CERCLA (USEPA 1988). The development of remedial alternatives for a site begins 


with the evaluation and subsequent screening of general response actions, remedial 


technologies, and process options. 


4.1.1 Identification of General Response Actions 


GRAs are categories of remedial actions that may be used to satisfy the remedial goals 


by either reducing a constituent concentration in a medium to a level that is below a 


cleanup goal or by preventing receptor exposure to an impacted medium. GRAs 


provide the basis for identifying specific remedial technologies and process options. 


GRAs considered for each medium at the site include: 


• No action 


• Institutional control 


• Access restrictions 


• Containment 


• In-situ treatment 


• Removal (soil only) 


• Disposal 


• Monitored natural attenuation (MNA) (groundwater only) 


• Ex-situ treatment (groundwater only) 


• Discharge (groundwater only). 
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GRAs are developed for each medium of interest and define remedial actions that 


may, singly or in combination, be taken to satisfy the remedial goals for the site. 


Furthermore, GRAs may be integrated with ecological enhancements (e.g., habitat 


creation) during the design and implementation to offset the effects of the remedy on 


ecological communities present and to promote long-term ecological enhancements at 


the site.  


4.1.2 Remedial Technologies and Process Options 


Remedial technologies are defined as general categories of remedies under each GRA 


(e.g., capping is a remedial technology under the GRA of containment). Process 


options are defined as specific categories of remedies within each remedial technology 


that are used to implement the remedial technology (e.g., vegetative cover is a process 


option under the remedial technology of capping) (USEPA 1988). 


Considering all potentially applicable technologies and process options initially 


minimizes the likelihood that an applicable technology(ies) gets overlooked early in the 


FS process. Additionally, this initial screening process eliminates those technologies or 


process options that are not applicable to developing comprehensive remedial 


alternatives or conducting a more detailed analysis based on identified constituents 


and site characteristics. The following sections describe the preliminary screening of 


remedial technologies and process options for the GRAs presented in Section 4.1.1. 


4.2 Remedial Technology Descriptions for Soil 


The following subsections present general descriptions of potential remedial 


technologies for soil. These descriptions provide generic examples to demonstrate the 


variety and breadth of process options within each category. A subset of these 


remedial technologies, selected based on the site characterization results for the 


area(s) and/or constituent class(es) in question, provides the basis of the preliminary 


screening conducted in Table 2. Site-specific considerations are presented in the 


decision rationale section of Table 2. 


4.2.1 No Action 


The National Contingency Plan (NCP, USEPA 1994) and USEPA (1988) require that 


the “No Action” option be developed and examined as a potential remedial action for all 


sites. The “No Action” option is retained and examined as a baseline to which other 


remedial actions are compared. 







 


150316- B0033203-RPT-069 15 


Technical Memorandum on 
Candidate Technologies 


Rolling Knolls Landfill 
Superfund Site 
Chatham, New Jersey 


4.2.2 Institutional Controls 


Institutional controls protect human health and the environment by restricting land and 


groundwater use until constituent concentrations in site media are at levels that allow 


unrestricted use and unlimited exposure. The USEPA requires institutional controls 


when constituent concentrations in site media do not allow unrestricted use and 


unlimited exposure. Institutional controls can also serve to notify current and future 


users about the environmental conditions of the property. Institutional controls may be 


appropriate to use when complete remediation is technically or economically infeasible, 


risks to worker health and safety during remedy implementation are too great, or 


remediation would propose extensive risk to the ecological community. Institutional 


controls are often used to supplement active remediation measures. Institutional 


controls are usually used in conjunction with an engineering control in order to be 


protective of human health and the environment. 


4.2.3 Access Restrictions  


Access restrictions are an engineering control designed to protect human health by 


imposing a physical barrier to prevent receptors from coming in contact with impacted 


soil. Examples of access restrictions can include a fence, Jersey barriers to block 


vehicular entry, and/or other such physical barriers delineating the site boundary. 


Access restrictions are generally easy to implement but require long-term monitoring 


and maintenance to maintain their effectiveness. Further, the type of access control 


employed is dependent on the location and/or use of the site, and the surrounding 


community. 


4.2.4 Containment - Soil Capping 


Containment is an engineering control that involves the placement of an engineered 


cover over the constituent-impacted medium preventing direct contact with impacted 


medium material and minimizing constituent migration through air, precipitation, 


percolation, wind, or run-off pathways. Cover systems can be installed relatively quickly 


using readily available materials and standard construction techniques; however, there 


may be adverse impacts on the surrounding neighborhoods if the entire site requires 


containment.  


Another disadvantage of containment is the need for long-term monitoring and 


maintenance. However, with annual maintenance, a cover can provide a functional 
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solution for impacted material at the site. This TMCT evaluates three types of cover 


systems for use at the site (asphalt cover, vegetative cover, and impermeable cover). 


Asphalt cover - an asphalt cover consists of placing hot-mix asphalt over impacted soil. 


Asphalt would be underlain by a rock base course separated from the impacted soil by 


a geotextile/geomembrane and leveling layer.    


Vegetative cover – a vegetative cover consists of a minimum 1.5 feet of compacted soil 


and 6 inches of top soil. This cover thickness would eliminate potential direct contact 


with impacted material and soils. Vegetative cover enhances the ecological value of 


this property. A type of vegetative cover is an evapotranspiration cover. As defined by 


USEPA, an evapotranspiration cover collects water from rainfall and snowmelt until 


drier or warmer weather evaporates the water, or until the water is taken in by plant 


roots and released to the air via transpiration. Installation of this type of cover is a 


proven and effective green remedy that provides an exposure barrier, erosion control, 


and provides the potential for long-term enhancement of ecological habitat. 


Impermeable cover – An impermeable cover is placed over constituent-impacted soil 


media to prevent the infiltration and percolation of precipitation and exposure to 


impacted material through the impacted soil. An impermeable cover would use a 


geosythetic clay liner (GCL) or geomembrane liner (e.g., 40 mil linear low density 


polyethylene/60 mil high density polyethylene liner). The GCL or geomembrane would 


act as a low permeability barrier, followed by placement of a cover system consisting of 


a minimum 1.5 feet of compacted soil, 6 inches of top soil, and vegetation. This cover 


thickness would eliminate potential direct contact with impacted soils and eliminate 


infiltration. Installation of this type of cover is a proven and effective method of 


providing an exposure barrier and erosion control. 


4.2.4.1 Containment - Partial Soil Capping 


Based on the revised CSM/SCSR, containment may not be required for the entire 


landfill. Containment may be limited to those portions of the landfill where soil 


concentrations exceed the applicable NJ SRSs. These locations can be referred to as 


“hot spots.” Partial soil capping can reduce risks adequately so that remediation is not 


required for the entire site and will minimize the adverse impacts on the surrounding 


neighborhoods during the construction process. 


Furthermore, on-site consolidation can be used in conjunction with any of the 


containment options to reduce the landfill footprint. Hot spots would be minimized 
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through the process option of excavation and consolidated on site. The process 


options of excavation and consolidation are outlined in Section 4.2.5 and Section 4.2.6, 


respectively. 


4.2.5 In-Situ Chemical Treatment 


In-Situ Stabilization/Solidification (ISS) technologies can be used to immobilize organic 


and inorganic compounds in wet or dry media, using reagents to produce a stable, 


solidified mass. ISS does not destroy constituents, but incorporates them into a dense, 


homogeneous, low-porosity structure that reduces their mobility.  


4.2.5.1 In-Situ Stabilization  


Stabilization chemically immobilizes hazardous materials or reduces their solubility 


through a chemical reaction. The physical nature of the waste may or may not be 


changed by this process. The definition of stabilization under the Resource 


Conservation and Recovery Act (RCRA) is define under 40 CFR 268.42 as “[a process 


that] involves the use of the following reagents (or waste reagents): 1) Portland cement; 


or 2) lime/pozzolans (e.g., fly ash and cement kiln dust) - this does not preclude the 


addition of reagents (e.g., iron salts, silicates, and clays) designed to enhance the 


set/cure time and/or compressive strength, or to overall reduce the leachability of the 


metal or inorganic.” 


4.2.5.2 In-Situ Solidification 


Solidification encapsulates a waste to form a solid material. Encapsulation restricts 


contaminant migration by decreasing the surface area exposed to leaching and/or by 


coating the waste with low-permeability materials. Solidification is accomplished by a 


chemical reaction between a waste and binding (solidifying) reagents or by mechanical 


processes.  


ISS does not destroy constituents, but incorporates them into a dense, homogeneous, 


low-porosity structure that reduces their mobility. This process is readily available and 


can sometimes be implemented for a relatively low cost. However, the long-term 


effectiveness of this technology, particularly for organics (i.e., PAHs), is relatively 


unproven. 
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4.2.6 Removal - Excavation 


Excavation of impacted material involves the physical removal of impacted material via 


standard excavation practices and technology. Excavation is a standard technology 


effective for treating all constituent classes; and in particular, materials that are impacted 


with multiple constituent classes. It is regarded as an aggressive treatment technology. 


This technology uses standard construction equipment (e.g., excavators, front end 


loaders, backhoes). During excavation, controls are employed to limit carbon dioxide 


produced by construction equipment, fugitive dust emissions created by relocation of 


impacted material and for the control of odor and vapors. Erosion and sediment controls 


are necessary to prevent impairment of nearby waterways with sediment laden run-off. 


Concurrent with excavation, on-site air monitoring may be required to ensure protection 


of human health. Excavation below the groundwater table often requires dewatering, 


with the generated water requiring containment, sampling, treatment, and disposal.  


Excavation confirmation sampling is used to confirm that the horizontal and vertical 


extent of excavation attained the remediation goals. The excavated area would be 


backfilled with clean soil and then restored in kind or revegetated. Excavation cannot 


be utilized as a standalone technology. Impacted material from the excavation must be 


treated and/or relocated off-site to be effective. 


4.2.7 Disposal 


Disposal options can generally be categorized as off-site or on-site disposal. The 


primary off-site disposal technology available is landfilling. Landfilling of waste material 


requires excavation, characterization, and transportation to a facility that is permitted to 


accept the specific waste. Off-site incineration could also be considered a disposal 


option, but may not be applicable to all constituent classes.  


On-site disposal options generally include on-site consolidation and/or reuse as an 


on-site excavation fill material. On-site consolidation uses standard construction 


equipment (e.g., excavators, front end loaders, backhoes) to remove waste from 


portions of the site and relocate it to other areas where waste is present, reducing the 


waste material footprint. On-site consolidation can be used in conjunction with other 


remedial technologies (i.e., containment - soil capping). 
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4.3 Remedial Technology Descriptions for Groundwater 


The following subsections present general descriptions of potential remedial 


technologies for groundwater. These descriptions provide generic examples to 


demonstrate the variety and breadth of process options within each category. A 


subset of these remedial technologies, selected based on the site characterization 


results for the area(s) and/or constituent class(es) in question, provides the basis of 


the preliminary screening conducted in Table 3. Site-specific considerations are 


presented in the decision rationale sections of Table 3. 


4.3.1 No Action 


The NCP (USEPA 1994) and USEPA (1988) require that the “No Action” option be 


developed and examined as a potential remedial action for all sites. The “No Action” 


option is retained and examined as a baseline to which other remedial actions are 


compared. 


4.3.2 Institutional Controls 


Institutional controls protect human health and the environment by restricting land 


and groundwater use until constituent concentrations in site media are at levels that 


allow unrestricted use and unlimited exposure. The USEPA requires institutional 


controls when constituent concentrations in site media do not allow unrestricted use 


and unlimited exposure. Institutional controls can also serve to notify current and future 


users about the environmental conditions of the property. Institutional controls may be 


appropriate to use when complete remediation is technically or economically infeasible, 


risks to worker health and safety during remedy implementation are too great, or 


remediation would propose extensive risk to the ecological community. Institutional 


controls are often used to supplement active remediation measures.  


4.3.3 Monitored Natural Attenuation 


MNA, as defined by the USEPA in OSWER Directive 9200.4-17P (USEPA 1999), 


refers to the reliance on natural attenuation processes to achieve NJ GWQC within a 


timeframe that is reasonable compared to other methods. These natural attenuation 


processes (biodegradation, dispersion, dilution, sorption, volatilization, and chemical 


or biological stabilization, transformation, or destruction of contaminants), under 


favorable conditions, act without human intervention to reduce the mass, toxicity, 


mobility, volume, and/or concentration of contaminants in soil and groundwater. 
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MNA for groundwater involves implementation of a groundwater monitoring program to 


monitor constituent concentrations to quantify attenuation rates and, in certain cases, 


monitoring of other parameters, such as biogeochemical parameters, to define what 


processes may be responsible for the observed attenuation and to demonstrate 


transformation of the constituents. To implement MNA, a long-term monitoring plan 


would be carried out using an existing monitoring well network, supplemented with 


new monitoring wells, as necessary. MNA would be considered as a supplement to 


the various remedial technologies and process options under consideration. 


4.3.4 Containment - Infiltration Control  


A soil cap is placed over constituent-impacted soil to prevent the infiltration and 


percolation of precipitation through the impacted soil profile and then subsequently 


transporting constituents into the groundwater. Containment requires the collection of 


groundwater samples both upgradient and downgradient of the source material to 


verify that the containment is functioning effectively by preventing vertical migration of 


constituents. Containment is typically used in conjunction with another remedial 


technology for the treatment of groundwater.  


4.3.5 Containment - Barriers 


Non-permeable barriers such as sheet piling or a trenched cut-off wall (using low 


permeability bentonite slurry) can control the horizontal movement of groundwater. 


These non-permeable barriers must be anchored to bedrock or other confining 


lithologic layers (e.g., low-permeability clay) to be effective. A non-permeable wall can 


be installed upgradient or downgradient of the impacted zone. However, they are most 


effective when installed around the impacted zone. Non-permeable walls will reduce 


the amount of groundwater passing through an impacted zone, and thus reduce the 


amount of leachate generated. Further, they also reduce the amount of leachate that 


escapes the downgradient end of the wall. 


Permeable barriers are a passive groundwater remediation technique by which 


constituents are treated and/or removed from groundwater as they pass through some 


type of permeable membrane. An example of a permeable barrier is a permeable 


reactive wall (PRW). A PRW is a common treatment strategy implemented to prevent 


the lateral migration of halogenated constituents in groundwater. General installation 


involves trench construction to a confining lithologic layer (e.g., low-permeability clay or 


bedrock), perpendicular to the groundwater flow gradient. Backfill of the trench usually 


consists of a reactive media, such as zero-valent iron (ZVI) and an inert support 
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material. As impacted groundwater migrates through the wall, halogenated compounds 


react with ZVI, dehalogenating these compounds into ethane, ethane, methane, 


hydrogen gas, and small amounts of chloride and ferrous iron. The permeable wall 


may be either installed alone or in conjunction with impermeable barriers acting as a 


gate or a funnel system to channel groundwater through the permeable wall. 


Permeable barriers are best suited to shallow groundwater zones that are bounded by 


a low hydraulic conductivity layer. 


In addition to the use of a non-permeable/permeable wall to intercept groundwater, a 


barrier condition may be induced hydraulically by groundwater extraction technology. 


Groundwater extraction is primarily used as a containment strategy although some 


benefit of mass removal can be realized for dissolved constituents. Groundwater 


extraction wells can be used to control the migration of groundwater constituents by 


altering the hydraulic gradient of the aquifer; they can also be used to withdraw 


impacted groundwater for ex-situ treatment or off-site disposal. Extraction wells are 


wells screened at an appropriate depth to capture impacted groundwater. The wells 


are usually connected using a manifold, and the impacted groundwater is pumped 


through the manifold to an area where treatment occurs. 


4.3.6 In-Situ - Physical Treatment 


A majority of the in-situ physical treatments for groundwater take advantage of the 


volatility of the constituents to allow mass transfer from adsorbed or dissolved phases 


in the groundwater to the vapor phase, where it is removed and treated aboveground. 


For this process to be effective, the constituents of concern must be volatile enough 


and have a sufficiently low water solubility to be drawn into the soil gas for removal.   


In-situ physical treatment often involves passing large volumes of air through or close 


to an impacted media using an air circulation system. The organic constituents or 


various fractions of a mixture of organic constituents volatilize or evaporate into the air 


and are transported to the surface. Typical in-situ physical systems use vapor 


extraction wells with blowers or vacuum pumps to remove constituent vapors from 


zones permeable to airflow. The components of an in-situ soil vapor extraction system 


are usually readily available as off-the-shelf products. 


4.3.7 In-Situ - Chemical Treatment 


In-situ chemical treatment is a common and proven treatment process that consists of 


either oxidizing or reducing the constituents. Oxidation reactions involve the addition of 
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a strong oxidant to the subsurface that reacts chemically with the constituents. If the 


oxidation reaction of constituents proceeds to completion, the byproducts of the 


decomposition are carbon dioxide and water. Common oxidants include peroxide, 


ozone, permanganate, and persulfate, all of which can oxidize a wide variety of organic 


constituents including halogenated and non-halogenated aliphatic and aromatic 


constituents. In general, chemical oxidation occurs quickly, and monitoring is utilized to 


determine if additional applications are required. 


4.3.8 In-Situ - Biological Treatment 


In-situ bioremediation can use either anaerobic or aerobic treatment strategies. 


Anaerobic treatment employs an easily degradable carbohydrate solution which is 


injected into a groundwater treatment area. The carbohydrate injection provides 


excess organic carbon, which initiates a succession of microbial processes in the 


subsurface, all of which contribute to strongly reducing conditions which enhance the 


rate of reduction of constituents. Conversely, an oxygenate can be added to the 


groundwater to stimulate the growth of aerobic microorganisms which are capable of 


aerobically metabolizing single-ring aromatic hydrocarbons. 


4.3.9 Ex-Situ - Physical Treatment 


The ex-situ physical treatments evaluated in Table 3 are phase separation processes 


that target removal of dissolved pollutants from the groundwater. These treatment 


types include air stripping and activated carbon adsorption. 


Air stripping – used for treatment of dissolved VOCs. Generally, influent groundwater 


enters the air stripper unit at the top and trickles down though trays or packing material. 


Air is injected upward through the stripping unit to remove VOCs from the groundwater. 


Due to their high Henry’s Law constants, many VOCs are transferred from the 


groundwater to the air injected into the system, and exit the air stripper as a vapor. The 


effluent vapor stream discharges through the top of the air stripper, while the treated 


groundwater exits through the bottom of the air stripper. Air stripping is a widely used 


groundwater treatment technology that is simple to install and operate. 


Activated carbon adsorption – used for treatment of vapor-phase VOCs (after air 


stripping) as well as for treatment of dissolved VOCs. Granular activated carbon (GAC) 


is a phase separation process which can remove a wide range of pollutants from water 


through adsorption. GAC has an extremely large total surface area to mass ratio thus 


providing numerous sites for adsorption to occur. Highly polar molecules cannot be 
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effectively removed by carbon adsorption. Hydrophobic molecules (insoluble) are more 


readily adsorbed. As the constituent is continuously loaded to the carbon, eventually all 


of the sorption sites become occupied with the constituent, and the GAC must be 


replaced. 


4.3.10 Disposal 


The spent treatment media used in other processes (e.g., spent GAC) requires 


disposal in accordance with federal, state, and local regulations. Characterization of 


the material is required to select proper disposal and treatment requirements, and 


maintain compliance with applicable regulations. 


4.3.11 Discharge 


Treated, and in some cases untreated, extracted water may be discharged. Discharge 


of groundwater may potentially require pretreatment and/or permitting prior to 


discharge (e.g., treating water to meet permit limits before discharging into a publicly 


owned treatment works). 


4.4 Preliminary Screening - Technical Implementability 


The initial preliminary screening criterion (or evaluation criterion) for remedial 


technologies and process options is technical implementability. Technical 


implementability refers to the ability of a remedial technology or process option to meet 


the remedial goal or cleanup goal. The preliminary screening process considered 


available technologies and resulted in a list of remedial technologies and process 


options that are technically capable of addressing constituent types found at the site 


under the current conditions. 


Tables 2 and 3 present the technical implementability screening of remedial 


technologies and process options for site media (e.g., soil and groundwater). These 


tables briefly describe potentially applicable technologies and process options 


associated with the general response actions and provide screening rationale. 


4.5 Process Options Screening 


After the technical implementability screening, the retained remedial technologies and 


associated process options are evaluated in greater detail using the following criteria:  
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• Effectiveness 


• Implementability 


• Relative cost. 


Tables 4 and 5 present this screening process. 


4.5.1 Effectiveness 


The effectiveness criterion addresses the ability of a technology to meet the remedial 


goals, including overall protection of human health and the environment, compliance 


with regulations, long-term effectiveness and permanence, short-term effectiveness, 


and reduction of toxicity, mobility, or volume by treatment. The protection of human 


health and the environment considers the reduction, control, or elimination of risks at 


the site through the use of treatment, engineering, or institutional controls.  


4.5.2 Implementability 


The implementability criterion addresses the technical and administrative feasibility of 


implementing a technology and the availability of various materials and services 


required during its implementation. As discussed in Section 4.4, technical 


implementability is used as an initial screen of technology types and process options 


to eliminate those that are clearly ineffective or not implementable at a site. This 


subsequent, more detailed evaluation of process options places greater emphasis on 


the institutional aspects of implementability. Technical feasibility considers the 


reliability, maturity, prior application, and operational difficulties of a technology, as 


well as logistical, climate, and terrain limitations. Administrative feasibility considers 


activities such as coordinating with regulatory agencies and obtaining permits, 


easements, right-of-way agreements, access/egress restrictions and zoning variances. 


The availability of materials and services considers items such as the availability and 


distance to off-site treatment, storage, and disposal facilities, and required utility 


connections. 


4.5.3 Relative Cost 


The cost criterion addresses the relative magnitude of capital and operation and 


maintenance (O&M) costs. Capital costs consist of direct and indirect costs. Direct 


costs include costs associated with construction, equipment, materials, transportation, 


disposal, analytical services, treatment, and operation. Indirect costs include expenses 
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related to engineering, design, legal fees, permits, and start-up. O&M costs include 


costs associated with operation, maintenance, energy, residual disposal, monitoring, 


and support. 


4.6 Process Options Selection 


Using the process option evaluation based on effectiveness, implementability, and 


relative cost, representative process options were selected for each remedial technology 


type. The selection accounted for those representative process options that are well 


established, proven, and reliable over a range of site conditions. More than one process 


option was selected for a technology type if the processes are sufficiently different in 


their performance that one would not adequately represent the other. Tables 4 and 5 


present process options selected for potential development into remedial alternatives.  
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5. Summary and Recommendations 


This TMCT uses existing site characterization information to identify GRAs and perform 


a preliminary screen of remedial technologies and process options that may be 


appropriate to address areas of risk (if any) identified on site. Since the environmental 


conditions at the site are still being assessed, other remedial technologies and process 


options that are not included in this TMCT may be proposed when the risk 


characterization is completed. Following the risk characterization completed as part 


of the BHHRA and SLERA (and BERA, if required), selected remedial technologies 


and associated process options will be re-evaluated and refined in a DSRA. 
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Table 1. Constituent Classes
Rolling Knolls Landfill Superfund Site
Chatham, New Jersey


Constituent Class RKL


VOCs Y
SVOCs (excl. PAHs) ---a


PAHs Y
Pesticides Y
PCBs Y 
Dioxins/Furans ---a


Inorganics Y


VOCs Y
SVOCs (excl. PAHs) Y
PAHs Y
Pesticides Y
PCBs Y 
Dioxins/Furans --b


Inorganics Y


Chlorinated VOCs Y 
VOCs (BTEX) Y 
SVOCs (excl. PAHs) Y 
PAHs ---c


Pesticides Y 
PCBs --b


Dioxins/Furans --b


Inorganics Y


General Notes:
Shaded constituent classes eliminated from further evaluation. 


Footnotes:


---a = Constituent class detected at concentrations less than Residential and Non-Residential Soil Screening Levels, not evaluated 
       for technology screening.


---b = Constituent class not analyzed, not evaluated for technology screening.
---c = Constituent class not detected at concentrations greater than Groundwater Quality Standard, not evaluated for technology screening.


Acronyms and Abbreviations:
BTEX = VOC subclass consisting of benzene, toluene, ethylbenzene and xylenes
Dioxins/Furans = polychlorinated dibenzo-p -dioxins and polychlorinated dibenzo-p -furans
PAHs = polycyclic aromatic hydrocarbons
PCBs = polychlorinated biphenyls
RKL = Rolling Knolls Landfill
SVOCs = semi-volatile organic compounds
VOCs = volatile organic compounds
Y = constituent class detected and evaluated for technology screening


Surface Soil


Groundwater 


Subsurface Soil
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Table 2. Preliminary Screening of Remedial Technologies - Soil
Rolling Knolls Landfill Superfund Site
Chatham, New Jersey


General            
Response          


Action


Remedial 
Technology


Process Option Description
Retained: 
Yes or No


Decision Rationale


No Action No Action No Action No remedial action  Yes
Required by NCP and USEPA guidance as a baseline for 
comparison to other remedial alternatives.


Institutional          
Controls


Institutional Controls


Proprietary Controls, 
Enforcement Tools,         


Deed Restrictions, and 
Information Devices


Institutional controls are administrative actions that 
minimize the potential for human exposure to 
constituents by limiting land or resource use; 
institutional controls maintain the protectiveness of a 
remedial action by modifying or guiding human 
behavior


Yes
Institutional controls impose site use restrictions and discourage 
inappropriate land use.


Access             
Restrictions


Access             
Restrictions


Physical Barriers, Signage, 
and Security 


Using signage, perimeter fencing, and security 
personnel to discourage entry into area 


Yes
Access restrictions are generally used in conjunction with other 
technology types for remedial actions 


Asphalt Cover
Using an asphalt cover to prevent infiltration and direct 
contact with constituents in soil  


Yes
The impermeable barrier prevents direct contact with constituents in 
surface soil and prevents infiltration   


Vegetative Cover Prevents direct contact with constituents in surface soil Yes
The vegetative cover prevents direct contact with constituents 
surface soil and stabilizes the soil to reduce transport of constituents
via erosion. 


Impermeable Cover
Using an impermeable cover to prevent infiltration and 
direct contact with constituents in soil


Yes
The impermeable barrier prevents direct contact with constituents in 
surface soil and prevents infiltration.   


In-Situ             
Treatment


Chemical Solidification/Stabilization
Using Portland cement or equivalent to immobilize 
organic and inorganic compounds in wet or dry media


Yes
Stabilization/Solidification reduces the mobility of constituents in 
soil; therefore, reducing the concerns associated with direct contact 
and infiltration. 


Removal Excavation Excavation Removal of impacted soil via excavation  Yes
Conventional technology generally used in conjunction with disposal 
options.


Off-site Landfill Off-site disposal of soil at an approved landfill Yes
Conventional disposal option generally used in conjunction with 
removal of contaminated waste or media.


Off-site Incineration
Off-site incineration of excavated soil or remediation 
process residuals in an approved incineration facility 


No


Technology is applicable to site constituents, with the exception of 
inorganics. Presence of inorganics in soil following incineration 
would require off-site disposal. This degree of treatment is 
unnecessary as off-site disposal of excavated material is already 
satisfactory given the constituent levels present.


On-site Consolidation
Redistribute impacted soil on site for long-term 
management 


Yes
Conventional disposal option generally used in conjunction with 
other technologies (e.g., vegetative cover, capping, institutional 
controls).


Backfilling Excavation Backfilling with unimpacted soil Yes
Conventional disposal option generally used in conjunction with 
other technologies (e.g., excavation, capping, institutional controls).


Soil Reuse
Treated soils with low residual constituent levels may 
be reused off site as fill material or daily cover within a 
landfill  


No
Excavation of soil would require off-site disposal, as ex-situ 
treatments necessary to generate soil for reuse are not appropriate 
for site. 


General Notes:
Shaded process options eliminated from further evaluation.


Acronyms and Abbreviations: SVOCs = semi-volatile organic compounds
NCP = National Contingency Plan USEPA = United States Environmental Protection Agency
PAHs = polycyclic aromatic hydrocarbons VOCs = volatile organic compounds
PCBs = polychlorinated biphenyls


Containment Soil Capping


Disposal Disposal
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Table 3. Preliminary Screening of Remedial Technologies - Groundwater
Rolling Knolls Landfill Superfund Site
Chatham, New Jersey


General             
Response           


Action


Remedial 
Technology


Process Option Description
Retained: 
Yes or No


Decision Rationale


No Action No Action No Action No remedial action Yes Required by NCP and USEPA guidance as a baseline for comparison to other remedial alternatives.


Institutional           
Controls


Institutional         
Controls


Proprietary Controls, Enforcement Tools, 
Information Devices, Deed Restrictions, 


and Classification Exception Area 


ICs are administrative actions that minimize the potential for human exposure to constituents by 
limiting land or resource use; ICs maintain the protectiveness of a remedial action by modifying 
or guiding human behavior    


Yes
ICs impose site use restrictions and discourage inappropriate land use; a Classification Exception 
Area provides notification of constituents in groundwater.


Monitored            
Natural              


Attenuation


Monitored          
Natural            


Attenuation
Monitored Natural Attenuation


Perform routine water quality monitoring to periodically assess natural attenuation processes and 
nature and extent of impacted groundwater


Yes Conventional technology for constituents in groundwater.


Infiltration          
Control


Soil Cap Using an impermeable cover to prevent infiltration into impacted areas Yes Prevents continued leaching of constituents to groundwater.


Trenched Cut-off Wall
Using a bentonite slurry or other low permeability material placed in a trench to create a wall that 
prevents horizontal migration of impacted groundwater


Yes Conventional technology for containment of constituents in groundwater.


Sheet Piling
Using sheet piles to form a low permeability wall that prevents the horizontal migration of 
impacted groundwater


Yes Conventional technology for containment of constituents in groundwater.


Permeable Reactive Wall
A  passive treatment wall is constructed across the flow path of the contaminant plume, allowing 
groundwater to  be treated as it passes through the wall


Yes Conventional technology for treatment of constituents in groundwater.


Groundwater Extraction Hydraulic containment through the extraction of groundwater Yes Conventional technology; groundwater extraction provides constituent mass removal.


Groundwater Recovery Trenches Trenches, drains, and piping used to passively collect groundwater Yes
Conventional technology; passive collection of groundwater and subsequent pumping provide 
constituent mass removal.


Soil Vapor Extraction
Low to moderate vacuum (i.e., less than 10 mm Hg) is applied to a series of extraction wells to 
enhance volatilization of constituents (i.e., VOCs); vapor is recovered at the wellhead and treated


Yes
May be combined with other enhanced extraction/recovery technologies for collection and treatment 
of vapors in conjunction with air sparging.


Air Sparging In-sit stripping of constituents (i.e., VOCs) using air injection wells Yes
Conventional technology, typically employed with other technologies such as soil vapor extraction for 
the treatment of vapors.


Ozone Use of ozone to oxidize constituents in-situ Yes Conventional technology for constituents in groundwater.


Fenton's Regent/Hydrogen Peroxide
Use of the hydroxyl radical through Fenton's reagent to oxidize constituents in-situ and/or 
increase dissolved oxygen


Yes Conventional technology for constituents in groundwater.


Persulfate Use of persulfate to oxidize constituents in-situ Yes Conventional technology for constituents in groundwater.


Permanganate Use of potassium or sodium permanganate to oxidize constituents in-situ Yes Conventional technology for constituents in groundwater.


Enhanced Reductive Dechlorination
Injection of a degradable substrate to facilitate biodegradation of chlorinated compounds by 
native microorganisms


Yes Conventional technology for constituents in groundwater.


Aerobic Bioremediation The injection of an oxygen source to aerobically degrade contaminants or precipitate metals. Yes Conventional technology for constituents in groundwater.


Air Stripping
Contaminants are transferred from an aqueous phase to a vapor phase; off-gas may require 
additional treatment


Yes


Carbon Adsorption Contaminants are removed from the aqueous phase or vapor phase onto activated carbon Yes


Ion-Exchange Use of an engineered resin or media to preferentially sorb ionic species from an aqueous stream Yes


Precipitation
Metals precipitation through the conversion of soluble heavy metals salts to insoluble salts that 
will precipitate


Yes


Disposal Off-site Landfill Off-site disposal of at an approved landfill Yes
Although groundwater is not treated via disposal within a landfill, the spent treatment media (e.g., 
activated carbon) that are used as part of other treatment technologies will need disposal.


POTW Off-site discharge to a POTW under applicable discharge permits Yes
POTWs typically accept remediation system discharges (in conjunction with collection and ex-situ 
treatment); may require on-site pretreatment for certain chemical classes (i.e., metals and VOCs).


Groundwater Discharge (Reinjection)
Reinject treated groundwater meeting NJDEP and USEPA discharge limits outside the areas of 
contamination


Yes


Surface-Water Discharge Discharge treated groundwater meeting NPDES permit limits to the Delaware River Yes


General Notes: Acronyms and Abbreviations:
Shaded process options eliminated from further evaluation. CEA = Classification Exception Area NJDEP = New Jersey Department of Environmental Protection


COCs = chemicals of concern NPDES = National Pollution Discharge Elimination Program
ICs = institutional controls POTW = publicly owned treatment works
NCP = National Contingency Plan USEPA = United States Environmental Protection Agency


VOCs = volatile organic compounds


Chemical


Biological


In-Situ               
Treatment


Physical


Containment


Barriers


Chemical


Ex-Situ              
Treatment


Physical


Conventional technology that may be required for pre-treatment metals in conjunction with other 
technologies.


Disposal/             
Discharge


Discharge


On-site discharge of treated groundwater is a common discharge technology, when done in 
conjunction with collection and ex-situ treatment.


These ex-situ physical treatment technologies have been used extensively to treat groundwater and 
vapor process streams and are routinely combined to provide adequate treatment (in conjunction with 
collection and discharge).
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Table 4. Process Options Screening - Soil
Rolling Knolls Landfill Superfund Site
Chatham, New Jersey


General Response 
Action


Remedial 
Technology


Process Option


No Action No Action No Action Yes
Required by NCP and USEPA guidance as a 
baseline for comparison to other process options


Institutional    
Controls


Institutional     
Controls


Proprietary Controls, 
Enforcement Tools,         


Deed Restrictions, and 
Information Devices


Moderate
Standard practice for protecting human health 
and the environment, effectiveness governed 
by maintenance of ICs


Moderate-High
Generally implementable but requires close 
coordination of regulatory authorities


Low Low capital and O&M costs Yes
Considered in conjunction with other technologies; 
standard practice for long-term management of 
landfills


Access     
Restrictions


Access     
Restrictions


Physical Barriers, Signage, 
and Security


Moderate
Standard practice for protecting human health 
and the environment, effectiveness governed 
by maintenance of access restrictions


High Readily implementable Low-Moderate Low to moderate capital and O&M costs Yes
Considered in conjunction with other technologies; 
standard practice for long-term management of 
landfills


Asphalt Cover Moderate


Effective in preventing direct contact with soils, 
long term effectiveness governed by 
maintenance of cover, may depend on future 
site use


Moderate
Readily implementable, uses standard 
equipment and materials, may depend on 
future site use


Moderate
Moderate capital costs, low to moderate O&M 
costs


No
Other containment options are likely to be more 
effective and maintain site use


Vegetative Cover Moderate


Effective in preventing direct contact with soils, 
long-term effectiveness governed by 
maintenance of cover, may depend on future 
site use


Moderate-High
Readily implementable, uses standard 
equipment and materials, may depend on 
future site use


Low-Moderate Moderate capital costs, low O&M costs Yes Standard capping technology


Impermeable Cover Moderate


Effective in preventing direct contact with soils, 
long-term effectiveness governed by 
maintenance of cover, may depend on future 
site use


Moderate
Readily implementable, uses standard 
equipment and materials, may depend on 
future site use


Moderate Moderate capital costs, low O&M costs Yes Standard capping technology


In-Situ             
Treatment


Chemical Solidification/Stabilization Moderate


Does not destroy constituents, but 
incorporates them into a dense, 
homogeneous, low-porosity structure that 
reduces their mobility


Low-Moderate


Solidification/Stabilization utilizes standard 
construction equipment and methods, site 
conditions may be limiting in certain areas of 
the site


Moderate High capital costs Yes Stabilization/solidification is a proven technology.


Removal Excavation Excavation High
Permanently reduces the mobility, toxicity, and 
volume of constituents by removing them from 
the site


Low-Moderate
Excavation utilizes standard construction 
equipment and methods, site conditions may 
be limiting in certain areas of the site


High High capital costs Yes
Excavation is a proven technology to be combined 
with disposal


Off-site Landfill Moderate-High
Permanently reduces the mobility, toxicity, and 
volume of constituents by removing them from 
the site


Moderate-High
Landfilling is a proven and accepted 
technology, characterization required to find 
appropriate disposal facility


Moderate-High
Disposal costs are dictated by volume and 
whether soils are hazardous or non-hazardous


Yes
Off-site landfill is a proven and standard disposal 
method


On-site Consolidation Moderate


Effective at reducing the overall area of long-
term management by combining impacted 
areas to a single location, may be combined 
with other technologies to treat or contain the 
soils


Moderate-High
Consolidation utilizes standard construction 
equipment and methods, site conditions may 
be limiting in certain areas of the site


Moderate
Moderate costs associated with soil sampling, 
stockpiling, and placement 


Yes
On-site consolidation is a proven technology to be 
combined with containment method


Backfilling Excavation Moderate
Effective disposal option, may be combined 
with other technologies to treat or contain the 
soils


Low-Moderate May not be administratively feasible Moderate
Moderate costs associated with soil sampling, 
stockpiling, and placement 


No
Other disposal options are likely to be more 
implementable


General Notes:
Shaded process options eliminated from further evaluation. 


Acronyms and Abbreviations:
IC - institutional control
NCP - National Contingency Plan
O&M - operation and maintenance
USEPA - United States Environmental Protection Agency
VOCs - volatile organic compounds


Retained?


Disposal


Soil CappingContainment


Disposal/           
Discharge


Effectiveness Evaluation Implementability Evaluation Relative Cost Evaluation


--- --- ---
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Table 5. Process Options Screening - Groundwater
Rolling Knolls Landfill Superfund Site
Chatham, New Jersey


General         
Response       


Action


Remedial 
Technology


Process Option


No Action No Action No Action Yes
Required by NCP and USEPA guidance as a baseline 
for comparison to other process options


Institutional      
Controls


Institutional       
Controls


Proprietary Controls, Enforcement Tools, 
Information Devices, Deed Restrictions, and 


Classification Exception Area 
Moderate


Standard practice for protecting human health and the 
environment, effectiveness governed by maintenance of 
ICs


Moderate-High
Generally implementable but requires close coordination 
of regulatory authorities


Low Low capital and O&M costs Yes
Considered in conjunction with other technologies; 
standard practice for long-term management of former 
industrial sites


Monitored       
Natural          


Attenuation


Monitored        
Natural          


Attenuation
Monitored Natural Attenuation Moderate


Effective for preventing exposure pathways and some 
constituents are susceptible to natural attenuation 
processes


High Readily implementable Low
Low capital and O&M costs, existing infrastructure can 
be used for groundwater monitoring


Yes
Conventional technology; can be used in conjunction 
with other technologies


Infiltration        
Control


Soil Cap Low-Moderate
Effectiveness at reducing leaching to groundwater is 
likely limited


Moderate
Readily implementable, uses standard equipment and 
materials


Moderate Moderate capital and low to moderate O&M costs Yes
Standard capping technology; can be used in 
conjunction with other technologies


Trenched Cut-off Wall Moderate Generally effective at controlling contaminant migration Moderate
Conventional technology, implementability only limited 
by geology


High
High capital costs given depth and nature of 
groundwater contamination


Less effective than other remedial technologies


Sheet Piling Low-Moderate Limited effectiveness given site conditions Moderate
Conventional technology, implementability only limited 
by geology


Moderate-High Moderate to high capital costs No Less effective than other remedial technologies


Permeable Reactive Wall Moderate Generally effective at controlling contaminant migration Moderate
Conventional technology, implementability only limited 
by geology


High High capital costs Yes
Conventional technology; can be used in conjunction 
with other technologies


Groundwater Extraction Moderate
Generally effective in controlling contaminant migration, 
reduces the mobility and volume of constituents within 
groundwater


Moderate
Conventional technology, implementability only limited 
by geology


Low-Moderate Low to moderate capital and O&M costs No Less effective than other remedial technologies


Groundwater Recovery Trenches Moderate Generally effective at controlling contaminant migration Moderate
Conventional technology, implementability only limited 
by geology


High
High capital costs given depth and nature of 
groundwater contamination


No Less effective than other remedial technologies


Soil Vapor Extraction Moderate-High
Removes VOCs from the subsurface for ex-situ 
treatment, effectiveness depends on the geology


Moderate-High
Standard technology and equipment, as with 
effectiveness, implementability depends on the geology


Moderate
Moderate capital cost associated with well install and 
equipment; low to moderate O&M


Yes
Conventional technology; can be used in conjunction 
with other technologies


Air Sparging Moderate-High
Removes VOCs from the subsurface for ex-situ 
treatment, effectiveness depends on the geology


Moderate-High
Standard technology and equipment, as with 
effectiveness, implementability depends on the geology


Moderate
Moderate capital cost associated with well install and 
equipment; low to moderate O&M


Yes
Conventional technology; can be used in conjunction 
with other technologies


Ozone Moderate
Generally effective technology for destruction or 
susceptible constituents


Low
Ozone distribution is likely to be difficult in the 
subsurface


High High capital and O&M costs No
Difficult to implement and does not offer significant 
benefit over other technologies


Fenton's Regent/Hydrogen Peroxide Moderate
Generally effective technology for destruction or 
susceptible constituents


Low
Site conditions and depth of groundwater make 
implementation difficult, significant health and safety 
concerns during operation


High High capital and O&M costs No
Difficult to implement and does not offer significant 
benefit over other technologies


Persulfate Moderate-High
Effective for treatment of susceptible constituents (i.e. 
VOCs), proven technology for this application


Moderate
Generally implementable using standard equipment and 
materials


Moderate-High Moderate-high capital and O&M costs Yes
Conventional technology; can be used in conjunction 
with other technologies


Permanganate Moderate-High
Effective for treatment of susceptible constituents (i.e. 
VOCs), proven technology for this application


Moderate
Generally implementable using standard equipment and 
materials


Moderate-High Moderate-high capital and O&M costs Yes
Conventional technology; can be used in conjunction 
with other technologies


Enhanced Reductive Dechlorination Moderate-High
Effective for treatment of susceptible constituents (i.e. 
CVOCs), proven technology for this application


Moderate
Generally implementable using standard equipment and 
materials


Moderate Moderate capital and O&M costs Yes
Conventional technology; can be used in conjunction 
with other technologies


Aerobic Bioremediation Moderate-High
Effective for treatment of susceptible constituents (i.e. 
VOCs), proven technology for this application


Moderate
Generally implementable using standard equipment and 
materials


Moderate Moderate capital and O&M costs Yes
Conventional technology; can be used in conjunction 
with other technologies


Air Stripping Moderate-High
Effective for removal of VOCs from aqueous waste 
stream, requires air treatment/discharge


High Conventional water treatment technology Moderate Moderate capital and O&M costs Yes
Standard and effective treatment for relatively high 
concentrations of VOCs


Carbon Adsorption Moderate-High
Effective for removal of VOCs from aqueous or vapor 
waste stream, not as effective for some VOCs (i.e., vinyl 
chloride)


High Conventional water treatment technology Low-Moderate Low to moderate capital and O&M costs Yes Standard and effective treatment for VOCs


Ion-Exchange High Highly effective for ex-situ treatment of metals High Conventional Technology Moderate Moderate capital costs; moderate O&M costs Yes
Effective and proven when used in conjunction with 
other technologies


Precipitation Low-Moderate
Presence of multiple metals species may be difficult to 
treat


Low-Moderate Sampling and disposal of sediment will be required High High capital costs; high O&M cost Yes
Effective and proven when used in conjunction with 
other technologies


Disposal Off-Site Landfill High
Effective disposal method for treatment media 
associated with ex-situ groundwater treatment


Moderate-High
Landfilling is a proven and accepted technology, 
characterization required to find appropriate disposal 
facility


Moderate-High
Disposal costs are dictated by volume and whether 
materials are hazardous or non-hazardous


Yes
Off-site landfill is a proven and standard disposal 
method


POTW High
Effective and proven technology for the disposal of 
aqueous waste stream


Moderate
May require permitting and pretreatment of groundwater 
before discharge into POTW


Low-Moderate Low to moderate capital and O&M costs Yes Considered in conjunction with other technologies


Reinjection Moderate Effective disposal method for treated groundwater Low


May require permitting and testing prior to reinjection, 
likely not acceptable to regulatory authorities if other 
disposal methods available, geology may not accept 
required flowrate


Moderate Moderate capital and O&M costs Yes Considered in conjunction with other technologies


Surface-Water Discharge High
Standard method for disposal of treated water with 
appropriate permit


Moderate May require permitting and testing prior to discharge Low-Moderate Low to moderate capital and O&M costs Yes Considered in conjunction with other technologies


General Notes:
Shaded process options eliminated from further evaluation.


Acronyms and Abbreviations:
IC = institutional control
NCP = National Contingency Plan
O&M = operation and maintenance
POTW = publicly owned treatment works
USEPA = United States Environmental Protection Agency
VOCs = volatile organic constituents


Retained?


Containment
Barriers


Effectiveness Evaluation Implementability Evaluation Relative Cost Evaluation


--- --- ---


Chemical


Physical


Physical


Disposal/        
Discharge


Discharge


Chemical


Ex-Situ          
Treatment


In-Situ          
Treatment


Biological
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